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Summary: T h e influence of the C h e r n o b y l accident in 1986 o n the F i n n i s h reindeer herding area was much 
smaller than the effects of the nuclear b o m b tests in the 1960s. O n l y in one small area somewhat more Cs-
137 was deposited than in the rest of the reindeer herding area. F r o m that area 20 reindeer were chosen for 
investigation of the d is t r ibut ion of Cs-137. A l l tissues, organs, the skeleton, digestive tract, hide, head and 
hooves were sampled quantitat ively. Three reindeer were pregnant and also the foetuses were studied. T h e Cs-
137 amounts were determined by gammaspectrometric measurements. 
T h e results showed that the differences in the Cs-137 concentrations between muscle tissue f r o m different 
parts of an individual reindeer were not more than 10 percent. T h u s it is not essential f r o m w h i c h part of the 
reindeer meat samples for surveillance purposes are taken. T h e concentrat ion of Cs-137 in edible tissues other 
than muscle was lower except in the kidneys and scapula cartilage. 
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Introduction 
T h e i n f l u e n c e o f the C h e r n o b y l a c c i d e n t i n 
1986 o n t h e F i n n i s h r e i n d e e r h e r d i n g area w a s 
m u c h s m a l l e r t h a n t h e effects o f t h e n u c l e a r 
b o m b tests i n the 1960s because o f t h e n o r t h e r n 
s i t u a t i o n a n d f a v o u r a b l e w i n d s at t h e t i m e o f 
the a c c i d e n t ( R a h o l a a n d M i e t t i n e n 1977, R i s s a -
n e n et a l . 1987, R i s s a n e n a n d R a h o l a , 1988 a n d 
1989). O n l y i n the s o u t h e a s t e r n m o s t c o r n e r o f 
the r e i n d e e r h e r d i n g area w a s s o m e w h a t m o r e 
C s - 1 3 7 d e p o s i t e d t h a n i n o t h e r p a r t s o f the 
r e i n d e e r h e r d i n g area ( F i g . 1, area V ) . B u t e v e n 
here t h e a m o u n t s o f r a d i o c e s i u m d e p o s i t e d 
w e r e s m a l l e r t h a n i n t h e m o r e s o u t h e r l y r e i n d e -
er h e r d i n g areas i n S w e d e n a n d N o r w a y . 
T h e C s - 1 3 7 c o n c e n t r a t i o n s i n r e i n d e e r m e a t 
have b e e n f o l l o w e d c l o s e l y s ince t h e a c c i d e n t 
o n t h e w h o l e r e i n d e e r h e r d i n g area b y t a k i n g 
s a m p l e s f r o m s l a u g h t e r e d r e i n d e e r . I n F i n l a n d 
130.000 - 150.000 r e i n d e e r are s l a u g h t e r e d e a c h 
y e a r , a b o u t 800 o f these i n area V ( F i g . 1). 
T h e s e 800 r e i n d e e r d i d n o t create a n y r a d i a t i o n 
p r o t e c t i o n p r o b l e m e v e n i n 1986, b u t w e r e 
i d e a l f o r i n v e s t i g a t i n g t h e d i s t r i b u t i o n o f r a d i o -
c e s i u m i n r e i n d e e r . F r o m the s u r v e i l l a n c e p o i n t 
o f v i e w C s - 1 3 7 c o n c e n t r a t i o n s i n m e a t s a m p l e s 
are t h e m o s t i m p o r t a n t . S a m p l e s are t a k e n f r o m 
t h e n e c k o f s l a u g h t e r e d r e i n d e e r i n F i n l a n d b u t 
i n S w e d e n f r o m t h e s h a n k . T h e a i m o f t h i s s tu-
d y w a s t o i n v e s t i g a t e d i f f e r e n c e s i n r a d i o c e s i u m 
c o n c e n t r a t i o n s b e t w e e n d i f f e r e n t m u s c l e s a n d i n 
d i f f e r e n t o r g a n s a n d o t h e r t issues o f t h e r e i n d e -
er. 
Material and methods 
T w e n t y r e i n d e e r f r o m area V w e r e se lec ted f o r 
i n v e s t i g a t i o n at t h e e n d 1986. T h e a n i m a l s w e r e 
s l a u g h t e r e d b e t w e e n J a n u a r y a n d M a r c h 1987, 
f i v e at a t i m e . A g e , sex, w e i g h t a n d t i m e o f 
s l a u g h t e r i n g are p r e s e n t e d i n T a b l e 1. T h e age 
a n d sex d i s t r i b u t i o n o f these a n i m a l s is t y p i c a l 
o f t h e m a i n g r o u p o f s l a u g h t e r e d r e i n d e e r i n 
t h i s area. B e f o r e s l a u g h t e r i n g t h e r e i n d e e r w e r e 
k e p t t o g e t h e r a n d f e d l i c h e n c o n t a i n i n g 6000 -
8000 B q C s - 1 3 7 / k g d r y w e i g h t , s i m i l a r t o the l i -
c h e n i n t h e i r n a t u r a l p a s t u r e . U n d e r n o r m a l 
c o n d i t i o n s these a n i m a l s w o u l d h a v e s t r a y e d t o 
o t h e r areas o f l o w e r C s - 1 3 7 c o n c e n t r a t i o n i n 
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t h e l i c h e n . T h e r e f o r e t h e y h a d t o be h e r d e d 
c o n t i n o u s l y . T h e s l a u g h t e r i n g w a s d o n e i n the 
o p e n i n t e m p e r a t u r e s o f - 1 0 t o - 3 5 ° C , a n d b l o -
o d s a m p l e s w e r e also t a k e n at t h a t t i m e . C a r c a -
se, a l l i n t e r n a l o r g a n s , d i g e s t i v e t rac t , h i d e , h e a d 
a n d h o o v e s w e r e t r a n s p o r t e d 400 k m t o t h e la-
b o r a t o r y i n R o v a n i e m i f o r f u r t h e r p r e p a r a t i o n . 
T h e meat o f the carcasses w e r e cut i n t o sec-
t i o n s ( F i g . 2). T h e s k e l e t o n w a s separa ted i n t o 
i n d i v i d u a l s b o n e s ; the leg b o n e s w e r e f u r t h e r d i -
v i d e d i n t o d i a p h y s i s a n d e p i p h y s i s . B o n e m a r -
r o w a n d car t i lage w e r e s a m p l e d . A l l i n t e r n a l o r -
gans, i n c l u d i n g the w h o l e d i g e s t i v e t rac t w e r e 
s a m p l e d . R u m e n c o n t e n t s w a s s a m p l e d q u a l i t a t i -
v e l y f r o m the f i rs t f i v e r e i n d e e r a n d q u a n t i t a t i -
v e l y f r o m the r e m a i n d e r . 
T h r e e o f the r e i n d e e r w e r e p r e g n a n t a n d t w o 
foetuses w e r e b i g e n o u g h t o e n a b l e s a m p l i n g of 
t h e i r o r g a n s a n d tissues. T h e t h i r d r e i n d e e r w a s 
less t h a n 1 y e a r o l d ; its f o e t u s w a s v e r y s m a l l 
a n d h a d t o be m e a s u r e d u n d i v i d e d . 
A l l s a m p l e s w e r e h o m o g e n i z e d a n d s o m e 
w e r e d r i e d b e f o r e m e a s u r e m e n t . T h e g a m m a -
s p e c t r o m e t r i c m e a s u r e m e n t s w e r e p e r f o r m e d 
w i t h h i g h p u r i t y l i t h i u m d r i f t e d g e r m a n i u m de-
tec tors a n d the results c a l c u l a t e d as d e s c r i b e d i n 
e a r l i e r p u b l i c a t i o n s ( R i s s a n e n et a l , 1987). 
a n d J a a k k o l a , 1975, R y d b e r g , 1988). I n F i n l a n d 
the n e c k is c h o s e n s ince a s a m p l e t a k e n f r o m 
there does n o t r e d u c e the m a r k e t v a l u e o f the 
carcase. 
C s - 1 3 7 c o n c e n t r a t i o n s i n e d i b l e t issues besides 
meat w e r e l o w e r , e x c e p t i n the k i d n e y s a n d sca-
p u l a c a r t i l a g e . F a t d i d n o t c o n t a i n C s - 1 3 7 a n d 
t h e r e f o r e the m o r e fat i n a t issue the l o w e r the 
C s - 1 3 7 c o n c e n t r a t i o n . T h e c o n c e n t r a t i o n i n 
w h o l e b l o o d w a s a b o u t 10 p e r cent o f that i n 
meat . 
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Results 
B o t h C s - 1 3 4 a n d C s - 1 3 7 w e r e m e a s u r e d b u t 
o n l y the C s - 1 3 7 results w e r e u s e d f o r c o m p a r i s -
o n . A l l C s - 1 3 7 c o n c e n t r a t i o n s p r e s e n t e d i n t h i s 
p a p e r are g i v e n as B q / k g f r e s h w e i g h t . S h o w n 
i n F i g u r e s 3 - 6 is a m a l e r e i n d e e r , 1,5 y e a r s o l d 
used as an e x a m p l e f o r i n d i c a t i n g C s - 1 3 7 c o n -
c e n t r a t i o n s i n its m u s c l e t i ssue , b o n e s , o r g a n s 
a n d d iges t ive t rac t . F i g . 7 s h o w s the same C s -
137 c o n c e n t r a t i o n s i n its d iges t ive t rac t as i n 
F i g . 6 b u t i n B q / k g d r y w e i g h t . T h e c o r r e s p o n -
d i n g m e a n v a u l e s a n d v a r i a t i o n s f o r a l l t h e 20 
r e i n d e e r are g i v e n i n F i g u r e s 8 - 1 1 . T h e C s - 1 3 7 
c o n c e n t r a t i o n s o f the foetuses a n d m o t h e r s are 
p r e s e n t e d i n T a b l e 2. 
Discussion 
T h e d i f f e r e n c e s i n C s - 1 3 7 c o n c e n t r a t i o n s i n 
m u s c l e t issues f r o m d i f f e r e n t parts o f a s ing le 
r e i n d e e r d i d n o t exceed 10 p e r cent . It is there -
f o r e n o t essent ia l f r o m w h i c h par t o f t h e a n i -
m a l s a m p l e s f o r s u r v e i l l a n c e p u r p o s e s are t a k e n . 
T h e same c o n c l u s i o n s c o u l d be d r a w n also 
f r o m e a r l i e r p u b l i s h e d i n v e s t i g a t i o n s ( R a h o l a 
Table 1. T i m e of slaughtering, number , sex, age and 
mean w reight of the tw renty reindeer studied. 
Time of N u m b e r of Sex Age mean weight 
slaughter reindeer year kg 
07.01.87 1 F * 6 59 
1 M 4.5 92 
1 F <1 47 
2 M <1 48 
24.01.87 1 M 1.5 66 
1 F <1 41 
3 M <1 45 
15.02.87 1 F * 3-4 65 
4 M <1 46 
02.03.87 1 p <1 48 
4 M <1 45 
:~ pregnant 
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I V 
J 985 1989 
Cs-137 
Bq/kg 
F i g . 1. M e a n seasonal variat ion of Cs-137 concentrations i n reindeer meat in region I - V of F i n n i s h reindeer 
herding area, the indicator l ine shows m i n i m u m and m a x i m u m concentrat ion. Results f r o m June 
1986 - February 1990. 
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Table 2. Cs-137 concentrat ion, B q / k g fresh weight , i n reindeer and its foetus . T h e relation of Cs-concentra-
t i o n i n their organs. 
C s - 1 3 7 
f o e t u s 
m o t h e r f o e t u s m o t h e r 
R e i n d e e r 59 k g rump steak 4470 
o v a r i e s 2310 
( foetus 360 g) u t e r u s 2060 
e m b r y o w a t e r 370 
07 .01 .87 e m b r y o w a t e r sack 1200 
p l a c e n t r a 3380 
k i d n e y s 8220 2 5 8 0 0,31 
l i v e r 3620 2 5 0 0 0,69 
heart 3960 2020 0,51 
l u n g s 2560 2390 0,93 
m u s c l e 4540 1910 0,42 
b o n e s 610 1440 2 ,40 
R e i n d e e r 65 k g rump steak 9030 
o v a r i e s 3710 
( foetus 1130 g) u t e r u s 3100 
e m b r y o w a t e r 810 
15.02.87 e m b r y o w a t e r sack 2070 
p l a c e n t r a 6380 
k i d n e y s 12700 5070 0,40 
l i v e r 4740 4860 1,00 
heart 6500 4 6 2 0 0,71 
l u n g s 3870 5000 1,30 
m u s c l e 9070 4 2 4 0 0 ,47 
b o n e s 1040 2 8 6 0 2 ,80 
R e i n d e e r 48 k g rump steak 6520 
o v a r i e s 
( e m b r y o 32 g) u t e r u s 1490 
e m b r y o w a t e r 780 
02 .03 .87 e m b r y o w a t e r sack 1180 
p l a c e n t r a 3050 
e m b r y o ( w h o l e ) 1500 
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male 
age 1 , 5 y 
w e i g h t 6 6 kg 
BLOOD 730 HEART 5590 
F i g . 5. T h e concentrat ion of Cs-137 (Bq/kg fresh weight) in the organs of the 1.5 year o l d , male reindeer 
used as an example. 
F i g . 6. T h e concentrat ion of Cs-137 (Bq/kg fresh weight) i n the contents of the digestive tract of the 1.5 
year o l d , male reindeer used as an example. 
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ESOPHAGUS 
male 
age 1,5 y 
weight 66 kg 
CALCUM 
2 6 9 0 0 
7. The concentrat ion of Cs-137 (Bq/kg dry weight) in the contents of the digestive tract of the 1.5 year 
o l d , male reindeer used as an example. 










8. M e a n Cs-137 concentrat ion (Bq/kg fresh weight) in the muscle tissues f r o m 20 reindeer. T h e indica-
tor line shows m i n i m u m and m a x i m u m concentrat ion. 
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F i g . 9. M e a n Cs-137 concentration (Bq/kg fresh weight) in the bone tissue f r o m 20 reindeer. T h e indicator 
l ine shows m i n i m u m and m a x i m u m concentrat ion. 
137 
Cs BO/KG 
1 8 0 0 0 
1 6 0 0 0 
m 0 0 0 
1 2 0 0 0 
1 0 0 0 0 
8 0 0 0 -
6 0 0 0 
H 0 0 0 
2 0 0 0 
2 6 0 0 0 
F i g . 10. M e a n Cs-137 concentrat ion (Bq/kg fresh weight) i n the organ tissues f r o m 20 reindeer. T h e indicator 
line shows m i n i m u m and m a x i m u m concentrat ion. 
Rangif er, 2 (10), 1990 65 





Fig . 11. M e a n Cs-137 concentrat ion (Bq/kg fresh weight) in the contents of the digestive tract f r o m 20 reinde-
er. T h e indicator line shows m i n i m u m and m a x i m u m concentrations. 
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